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Monosporascus root rot and vine decline of cucurbits is a common disease of muskmelon (Cucumis melo L.) and watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai) crops in hot, semiarid to arid, as well as subtropical cucurbit-growing areas worldwide (2, 6, 17) . The soilborne ascomycetes Monosporascus cannonballus Pollack & Uecker (21) and M. eutypoides (Petrak) von Arx (32) have been reported as causal agents of the disease (17) . Nevertheless, it was suggested by some authors that both Monosporascus species might be conspecific (13, 17, 23, 24) , as the species are similar in almost all morphological features except: in the number of mature ascospores in each ascus; both species have been reported on similar hosts causing root rot in almost identical climatic habitats; and there is no apparent sequence difference in their internal transcribed spacer (ITS) region of nuclear ribosomal DNA (nrDNA).
Monosporascus spp. received little attention from either mycologists or plant pathologists until recently. The genus Monosporascus Pollack & Uecker was established by Pollack and Uecker in 1974 (21) with the type species M. cannonballus that caused decay of secondary roots on cantaloupe plants under greenhouse conditions in Arizona (30) . M. cannonballus was characterized as having black, smooth perithecia in which clavate to pyriform asci containing one large (rarely two), spherical ascospores are produced (21, 23) . Moreover, these authors indicated that they failed to get the ascospores to germinate, and that there was no known anamorph (21) . The genus Monosporascus was similar to two species belonging to other genera of pyrenomycetes: Rechingeriella eutypoides Petrak, described from decayed roots of an unidentified plant in Pakistan (19) , and Anixiella monospora Malloch & Cain, which was described from a herbarium specimen of an Iris sp. rhizome from Iran (14) . Both R. eutypoides and A. monospora produced large and spherical ascospores resembling those of M. cannonballus, but diverged morphologically in their perithecium structure, peridium type, ascus wall, and ascospore ornamentation (21, 31) . Subsequently, von Arx (32) transferred R. eutypoides into Monosporascus as M. eutypoides (Petrak) Arx. Additionally, he considered Bitrimonospora indica Sivanesan, Talde & Tilak, a fungus found on roots of Achyranthes aspera, to be a synonym of M. eutypoides. B. indica has mostly two (rarely three) ascospores per ascus, which are capable of germinating by multiple germ tubes (25) . Then, in 1978, Hawksworth and Ciccarone (10) transferred A. monospora into Monosporascus as another species, M. monosporus (Malloch & Cain) D. Hawksw. & A. Cicc.; however, some authors have been reluctant to accept this third species (17) . At that time, there were only two recognized species in the genus Monosporascus, M. cannonballus and M. eutypoides, which were separated on the basis of the number and germinability of ascospores: M. cannonballus had one spore (rarely two) that did not germinate, and M. eutypoides had two spores (rarely three) that germinated readily (17) .
In 1995, Lovic et al. (13) examined several cultures of M. cannonballus and M. eutypoides from the United States, Spain, and Japan for morphological and molecular characteristics. They only observed asci containing one ascospore, and the ascospores did not germinate in culture media. In addition, the ITS region of nrDNA from these isolates was amplified by polymerase chain reaction (PCR) assay, and no sequence difference was detected. Thus, the authors suggested two possible explanations: one, the two species are distinct but M. eutypoides no longer is a major component of the populations; and two, the two species are synonymous and some isolates might have been misidentified. The authors favored the synonymous hypothesis (16, 17) . More recently, a new Monosporascus species, M. ibericus, isolated as an endophyte from roots and stems of three plant species growing on sand flats and salt marshes in the Ebro Delta (Spain), was described (7) . The main characteristic of this species is the presence of a greater number of ascospores per ascus (up to six), compared to the other species of the genus.
During routine surveys of Monosporascus root rot and vine decline of cucurbits conducted in 2010 in Tunisia, several Monosporascus-like isolates were found which produced fertile perithecia in culture, containing asci with mainly two to three brown, spherical, smooth-walled ascospores which matched the description of M. eutypoides. Therefore, the objective of this research was to study these isolates by means of phenotypic characterization, DNA analysis, and pathogenicity tests in order to determine the taxonomic status.
Materials and Methods
Fungal isolates. This study included 28 isolates of M. cannonballus obtained from roots of different cucurbit hosts from different countries and continents, and one reference isolate of M.
ibericus (CBS 110550) ( Table 1 ). The isolates were obtained from: Z. Banihashemi (College of Agriculture, Shiraz University, Shiraz, Iran), B. D. Bruton (USDA, Lane, OK), A. Infantino (Istituto Sperimentale per la Patologia Vegetale, Rome, Italy), G. Quilosi (Facoltà di Agraria, Università degli Studi della Tuscia, Viterbo, Italy), A. Sarpeleh (Plant Protection Research Institute, Tehran, Iran), the Genetic Resources Center of the National Institute of Agrobiological Sciences (Tsukuba, Japan), the CBS Culture Collection (Utrecht, the Netherlands), the Culture Collection of Phytopathogenic Fungi "Prof. Maria Menezes" (CMM) of the Universidade Federal Rural de Pernambuco (Recife, Brazil), and the Culture Collection of the Instituto Agroforestal Mediterráneo (Valencia, Spain). In addition, three Monosporascus-like isolates obtained in Tunisia from roots of watermelon (MT45 and MT47) and cucumber (MT54) crops exhibiting symptoms of Monosporascus root rot and vine decline were evaluated. In previous observations, these isolates produced perithecia containing mainly two to three ascospores per ascus (unpublished data).
All isolates were hyphal-tipped and stored at 25°C in the dark in plastic vials containing sterilized peat (Gramoflor GmbH & Co., Vechta, Germany) in a collection at the Laboratorio del Grupo de Investigación en Hongos Fitopatógenos (Instituto Agroforestal Mediterráneo, Universidad Politécnica de Valencia, Valencia, Spain). Prior to using the isolates, 0.1 g of the colonized peat from each plastic vial was transferred to potato dextrose agar (PDA) (Biokar-Diagnostics, Zac de Ther, France) plates and maintained at 25°C in the dark for 10 days. Phenotypic characterization. Perithecia formation in culture was determined for all isolates on PDA and V8-juice agar. Mycelial plugs (8 mm diameter) obtained from the growing edge of colonies were transferred to the center of PDA and V8-juice agar plates which were incubated for 2 months in the dark at 15, 20, 25, 30, and 35°C. There were four replicate plates for each isolate and temperature combination. All experiments were conducted twice.
For microscopic observations, single perithecia were mounted in 100% lactic acid (vol/vol) and observed using a Zeiss Axio Scope A.1 microscope. The diameter of 20 perithecia and 50 ascospores, and the length and width of 50 asci per isolate were measured using the imaging device Zeiss AxioVision LE. Photos were captured using a Zeiss AxioCam MRm digital camera from images recorded with the ×40 objective.
Ascospore germination of isolates MT45, MT47, and MT54 was tested on tap-water agar (WA), PDA, and V8-juice agar at 25, 30, and 35°C (7, 10) . Perithecia were cut with a sterile blade to reveal the perithecial contents, and a drop of sterile water was placed on the cut surface of each fruiting body. A water drop containing masses of ascospores was then collected with a pipette from each perithecium, spread onto petri dishes containing the three culture media, and the spores dispersed with a Digralsky spreader (Deltalab, Barcelona, Spain). Plates were incubated in the dark at the different temperatures for 2 weeks. In addition, ascospore germination of these isolates was assessed in soil following the method described by Stanghellini et al. (26) . Subsamples (7 g) of non-autoclaved soil inoculated with ascospores (1,000 ascospores/g soil) were each dispensed into a propylene centrifuge tube (8.0 cm long and 1.7 cm diameter). A total of five drainage holes (each 1 mm diameter) were drilled through the bottom of each tube prior to filling the tube with soil. Tubes were irrigated with sterile distilled water (SDW) until drainage occurred. A 2-day-old muskmelon seedling of the cultivar Temprano Rochet (Intersemillas, Quart de Poblet, Spain), pregerminated on moistened filter paper, was transplanted into each tube. Seeded tubes were placed in test-tube racks, transferred to growth chambers (12-h photoperiod), and incubated at 25 or 30°C for 1, 5, 10, 15, and 20 days. Subsequent to transplanting, all tubes were irrigated on alternative days with SDW until drainage occurred. At the termination of each experiment, each seedling was removed from the tubes, and the root system was washed gently in tap water and placed in a petri dish containing approximately 15 ml SDW. The root system of each seedling was examined microscopically at ×40 to ×400 magnification to observe germinating ascospores attached to the secondary roots. All treatments were replicated three times and all germination experiments were conducted twice.
The effect of temperature on mycelial growth of each isolate was determined on PDA. Mycelial plugs (8 mm diameter) obtained from the growing edge of colonies were transferred to the center of PDA plates which were kept in the dark at 5, 10, 15, 20, 25, 30, 35, or 40°C. There were four replicates for each isolate and temperature combination. The diameter of each colony was measured perpendicularly in two directions when the colony reached at least two-thirds of the plate diameter, and the measurements were used to calculate the mean growth rate in mm/day. Additionally, after 15 days of incubation, colonies grown on PDA at 25°C were used to determine colony colors using the color charts of Rayner (22) . Analyses of variance (ANOVA) were conducted with data obtained from temperature experiments to analyze potential trial-by-treatment interactions. ANOVA indicated that the data for the two repetitions were similar for each variable (P > 0.05), thus data from both repeats of the experiments were combined. For each isolate, average growth rates at each temperature were adjusted to a regression curve using Statgraphics Plus 5.1 (Manugistics Inc., Rockville, MD), and the best polynomial model was chosen based on parameter significance (P < 0.05) and coefficient of determination (R 2 ) to estimate the optimum growth temperature of each isolate.
DNA isolation, sequencing, and phylogenetic analyses. Fungal mycelium was obtained from pure cultures grown in potato dextrose broth (PDB) (Sigma-Aldrich, Steinheim, Germany) for 3 weeks at 25°C in the dark. The mycelium was disrupted mechanically by grinding to a fine powder in liquid nitrogen using a mortar and pestle. Total DNA was extracted using the EZNA Plant Miniprep Kit (Omega Bio-tek, Norcross, GA) following the manufacturer's instructions. DNA was visualized on 1.5% agarose gels stained with ethidium bromide, and the DNA aliquots were stored at -20°C.
The ITS nrDNA region of each isolate was amplified using the universal primers ITS1F (8) and ITS4 (34) . Fragments of the elongation factor 1-α (EF-1α) and the β-tubulin (β-tub) genes were amplified using the primer pairs EF1-688F and EF1-1251R (1), and T1 (18) and Bt2b (9), respectively. Each PCR reaction contained 1× PCR buffer, 2.5 mM MgCl 2 , 200 µM of each dNTP, 0.4 µM of each primer, 1 U of DNA Taq polymerase (Dominion MBL, Córdoba, Spain), and 1 µl of template DNA. The PCR reaction mix was adjusted to a final volume of 25 µl with water (Chromasolv Plus, Sigma-Aldrich). PCR amplifications were performed on a Peltier Thermal Cycler-200 (MJ Research, Waltham, MA) using the following cycling: an initial denaturing step of 94°C for 2 min; 35 cycles of 94°C for 30 s, annealing at 55°C (for ITS region and EF-1α fragment) or 50°C (for β-tub fragment) for 30 s, and an extension at 72°C for 45 s; and a final extension of 72°C for 10 min. The PCR products were visualized in 1.5% agarose gels (agarose D-1 Low EEO, Conda, Madrid, Spain) and molecular weights were estimated using the GeneRuler 100 bp Plus DNA Ladder (Fermentas, Carlsbad, CA).
PCR products were purified and sequenced in both directions by the DNA Sequencing Service of MCLAB (South San Francisco, CA) or Macrogen Inc., Sequencing Center (Seoul, South Korea). Sequences were edited using Sequencher Version 5.0 (Gene Codes Corporation, Ann Arbor, MI). The sequences were subjected to a BLAST search (http://www.ncbi.nlm.nih.gov/BLAST/) prior to phylogenetic analyses to identify the closest related sequences. x Root disease severity was evaluated on the following scale: 0 = no discoloration or reduction of root mass; 1 = slight discoloration with up to 30% root mass reduction; 2 = moderate discoloration with 30 to 50% root mass reduction; 3 = severe discoloration with 50 to 90% root mass reduction; and 4 = root mass reduction > 90%. y Values represent the means of 10 replications for each isolate, five per experiment with results pooled across the two repeats of the experiment. z Means in a column followed by the same letter do not differ significantly according to the Kruskal-Wallis nonparametric test (P = 0.05).
Sequence alignment and phylogenetic analyses were conducted using Molecular Evolutionary Genetics Analysis (MEGA) Version 5 (28) . Consensus sequences were aligned using CLUSTAL W (29) . The best nucleotide substitution models for each data set were determined separately with the analysis option "Substitutions Model" in MEGA. The Kimura-2 parameter (11) was chosen as the best-fitting model for all data sets, and was used to search for best trees under the maximum likelihood criterion. The bootstrap test was performed with 1,000 repetitions to estimate the reliability of the tree. No outgroup was inserted in the analyses as the trees generated were unrooted.
Pathogenicity tests. Pathogenicity tests were conducted using three cucurbit species: cucumber cv. Edona (Royal Sluis, Enkhuizen, The Netherlands), muskmelon cv. Temprano Rochet, and watermelon cv. Fiera (Zeta Seeds, Benifayó, Spain); three isolates of M. cannonballus: CMM2365, MT38, and MC1103; and three isolates of M. eutypoides: MT45, MT47, and MT54 (Table 2) . Inoculum was prepared by placing a fungal disk from a 2-week-old PDA culture of the appropriate isolate into flasks containing autoclaved wheat kernels that had been immersed in distilled water for 12 h. The flasks containing the wheat kernels were then incubated at 25°C for 4 weeks and shaken manually once a week. Six grams of colonized wheat kernels were mixed with enough sterilized peat moss to fill a 220 cm 3 plastic pot, and a 2-week-old seedling (with one true leaf) of each cucurbit species was transplanted into each pot. The noninoculated control treatment consisted of plants grown in sterilized peat moss mixed with sterilized wheat kernels. All plants were maintained in a greenhouse for 1 month at 25 to 30°C in a completely randomized design, with five replications of each isolate and cucurbit species combination.
At the end of the experiment, the seedlings were carefully removed from the pots, and the root system of each seedling was washed gently in tap water and rated for disease severity based on the following scale adapted from Bruton et al. (4) : 0 = no discoloration or reduction of root mass; 1 = slight discoloration with up to 30% root mass reduction; 2 = moderate discoloration with 30 to 50% root mass reduction; 3 = severe discoloration with 50 to 90% root mass reduction; and 4 = root mass reduction >90%. Small pieces of representative root tissues of each seedling were surfacesterilized for 1 min in 1.5% NaOCl, washed twice with SDW, and plated onto PDA amended with 0.5 g streptomycin sulfate/liter. The experiment was conducted twice. The root disease severity caused by each isolate was analyzed with the Kruskal-Wallis nonparametric one-way ANOVA, and mean ranks of the treatment means were separated by a Z test at P < 0.05 using STATISTIX 9 (Analytical Software, Tallahassee, FL).
Results
Phenotypic characterization. All isolates of M. cannonballus produced perithecia when grown on PDA or V8-juice agar for 20 days at 25 and 30°C. However, isolates MT38 and CMM2405 also produced perithecia on PDA at 20°C; and isolates IR3, IR5, MT38, and CMM2405 produced perithecia on PDA at 35°C, but only after 40 days of incubation (data not shown). M. eutypoides-like isolates MT45, MT47, and MT54 only produced perithecia on V8-juice agar at 25 and 30°C, while the isolate of M. ibericus failed to produce perithecia on either medium at any temperature tested (data not shown).
The morphological features of ascomata and sporulation of M. cannonballus isolates included the following: perithecia globose (250-) 487 (-710) μm diameter; asci clavate to pyriform, short stalked, thick-walled, and one spored, (37.5-) 44.3 (-50.0) × (57.5-) 71.5 (-100.0) µm; and ascospores globose, smooth, dark brown to black, (32.5-) 40.9 (-47.5) µm diameter (Fig. 1A) . For M. eu- typoides-like isolates (MT45, MT47, and MT54), perithecia were globose and (400-) 598 (-940) µm in diameter; asci were cylindrical, short-stalked, varied in dimensions depending on whether there was one ascospore [(22.5-) (-192 .0) μm], were mostly two-spored (rarely one-or threespored), and contained ascospores that were globose, smooth, dark brown to black, and (34.0-) 40.8 (-47.0) µm in diameter (Fig. 1B  and C) .
Ascospore germination of M. eutypoides-like isolates was not observed on any of the three culture media used and at any of the incubation temperatures tested, but germination was observed (one to two germ tubes/ascospore) in experiments using the soil seedling assay after 15 and 20 days of incubation at 30°C (Fig. 2) (22) . Colonies of isolates MT45, MT47, and MT54 were smoke gray (21''''d), and the isolate of M. ibericus was cinnamon (15'') (22) .
Sequencing and phylogenetic analyses. PCR products for the ITS, β-tub, and EF-1α regions of the Monosporascus isolates were approximately 600, 690, and 650 bp, respectively. For M. cannonballus, the amplified sequences of β-tub and EF-1α genes were identical for all isolates, while for the ITS nrDNA, all but 5 isolates (CMM2386, CMM2405, MC305550, GT980052-2, and GT960051-1) had identical ITS sequences. These five isolates each had a G insertion in a mononucleotide microsatellite in the ITS2 region (data not shown). The isolates MT-45, MT-47, and MT-54 had identical sequences at each of the three loci analyzed.
BLAST searches indicated that no β-tub and EF-1α sequences similar to those of these Monosporascus spp. have been deposited in GenBank (data not shown). For the ITS region, the two sequences of M. cannonballus showed 100% identity with sequences of this species deposited in GenBank (accession numbers FJ430598 and AB097112). The maximum identity in the BLAST analysis with the sequence of isolates MT45, MT47, and MT54 was 95% similarity to the sequence of an unidentified soil fungus (EU479767). The ITS sequence of M. ibericus isolate CBS 110550 was 99% similar to the ITS sequence of an isolate of this species in GenBank (AF340013).
The ITS (including ITS1-5.8 S ITS2 rDNA sequence), β-tub, and EF-1α sequence data sets consisted of 536, 652, and 610 characters after alignment. The size of the ITS aligned sequences was 512 or 513 bp for all the M. cannonballus isolates; 526 bp for isolates MT45, MT47, and MT54 of M. eutypoides; and 491 bp for the M. ibericus isolate. This variation in size was due to indels located mainly in the ITS1 region. The size of aligned sequences from the β-tub and EF-1α genes showed limited variation: β-tub sequences were 644, 644, and 646 bp; and EF-1α sequences were 600, 600, and 604 bp for all the M. cannonballus isolates, for isolates MT45, MT47, and MT54 of M. eutypoides, and for the M. ibericus isolate, respectively. The differences in the β-tub sequences were in three introns and two exons in the sequenced fragments. In the EF-1α sequences, the variable sites were concentrated in the first intron (data not shown).
Results of ITS, β-tub, and EF-1α phylogenetic analyses are shown in Figure 3 . All phylogenies revealed three well-supported clades that contained the same isolates. Clade I grouped all M. cannonballus isolates, clade II contained the M. eutypoides-like isolates (MT45, MT47, and MT54), and clade III corresponded to the isolate of M. ibericus. Isolates in clades I and II were more closely related than the isolate in clade III.
Pathogenicity tests. Data for the repeated pathogenicity tests were combined because of the lack of significant differences between the two tests on each of muskmelon (P = 0.3452), watermelon (P = 0.4613), and cucumber (P = 0.1875). The statistical analyses indicated significant differences in root disease severity among isolates on all three cucurbit species evaluated (P < 0.0001) ( Table 2 ). Of the six Monosporascus isolates tested for pathogenicity, two of three isolates of M. cannonballus and two of three isolates of M. eutypoides were pathogenic on muskmelon, with no significant differences in root disease severity among these four isolates. On watermelon, two of three M. cannonballus isolates, and all three M. eutypoides isolates were pathogenic compared to control plants, with no significant differences among the five pathogenic isolates. On cucumber, only one of three isolates of M. eutypoides and none of the M. cannonballus isolates was pathogenic. No isolate was pathogenic on all three cucurbit hosts. None of the M. cannonballus isolates was pathogenic on cucumber. Isolate MT38 was not pathogenic on any of the three hosts. All Monosporascus isolates were reisolated from roots of inoculated cucurbits, complying with Koch's postulates. No Monosporascus species were isolated from control plants.
Discussion
Monosporascus root rot and vine decline of cucurbits has been attributed to two Monosporascus species in the past, namely M. cannonballus and M. eutypoides (17, 21, 32) . In this study, three M. eutypoides-like isolates recovered from cucurbit plants with symptoms of Monosporascus root rot and vine decline in Tunisia were compared to 28 isolates of M. cannonballus from 12 countries on 4 continents. The phenotypic characterization showed similarities between M. cannonballus and M. eutypoides-like isolates. Isolates of both species produced fertile perithecia in culture with the perithecia containing globose, smooth, dark brown to black ascospores; and both had high optimum growth temperatures charac- teristic of Monosporascus spp. (17, 23, 24) . Nevertheless, all isolates of M. cannonballus had one ascospore/ascus, while M. eutypoides-like isolates had mainly two ascospores/ascus (rarely one or three).
Although Hawksworth and Ciccarone (10) , and Martyn and Miller (17) indicated that perithecia and ascospore size may be variable for a single Monosporascus strain, depending on growth conditions and maturity of the spores, in general the measurements of perithecia, asci, and ascospores of both M. cannonballus and M. eutypoides-like isolates corresponded with those indicated for the species M. cannonballus and M. eutypoides, respectively (17, 23, 24) . It is interesting to note that, like other Monosporascus spp., none of the M. eutypoides-like isolates evaluated in this study exhibited an associated anamorph. Some additional differences were found between M. cannonballus and M. eutypoides-like isolates. M. cannonballus isolates had colonies buff to avellaneous or olive on PDA, which grew from 10 to 40°C, and produced perithecia both in PDA and V8-juice agar; while M. eutypoides-like isolates were smoke gray on PDA, grew from 5 to 35°C, and produced perithecia only on V8-juice agar.
In this study, germination of ascospores of M. eutypoides-like isolates could not be achieved in axenic culture, but the ascospores germinated readily in the rhizosphere of muskmelon plants growing in non-autoclaved field soil, as reported for M. cannonballus (26) . Collado et al. (7) also were unable to observe germination of M. ibericus ascospores on corn meal agar, dichloran glycerol agar, malt-yeast agar, and PDA at 22, 28, and 37°C. Hawksworth and Ciccarone (10) indicated that the ascospores of a species of Monosporascus isolated from Triticum in Lybia, which they identified as M. eutypoides based only on morphological features, germinated from 30 to 40°C by producing 5 to 10 germ tubes; however, these authors did not indicate on which culture media and under what incubation conditions the germination experiments were performed. As a result, all subsequent M. eutypoides descriptions have incorporated this morphological feature, which has only been observed for the isolate from Triticum, as characteristic of this species (17, 24) .
Currently, the use of morphological characters alone is considered insufficient for species delimitation (5, 12) . Thus, DNA sequence analyses were used for species identification in this study. The employment of ITS, EF-1α, and β-tub gene sequence diversity analyses with the resulting phylogenies made it possible to identify a level of polymorphism that enabled separation of isolates of M. This is the first study in which a multigene analysis (ITS, EF-1α, and β-tub) has been applied to a geographically wide collection of M. cannonballus isolates. To date, only ITS analysis had been used for the molecular characterization of Monosporascus spp. Lovic et al. (13) sequenced the ITS region of nine M. cannonballus isolates from Japan, Spain, and the United States, as well as three isolates from Spain, that were classified as M. eutypoides at the International Mycological Institute (Surrey, UK), with no apparent sequence differences detected among the 12 isolates. These authors pointed out that all of the isolates produced one ascospore/ascus, leading them to conclude that M. cannonballus and M. eutypoides were conspecific (13, 16, 17) . However, based on the morphological and molecular results of this study, it appears that the three M. eutypoides isolates examined by Lovic et al. (13) were misidentified, and all 12 isolates were, in fact, M. cannonballus. The same conclusion was published by Waugh et al. (33) , who pointed out that "the isolate named as M. eutypoides employed in Lovic et al.'s study had one ascospore per ascus and did not germinate in axenic culture; it most closely fits the characteristics of M. cannonballus rather than M. eutypoides and was almost certainly misidentified". One of these "M. eutypoides" isolates from Spain (IMI 345135) remains at the CABI Culture Collection (UK). Unfortunately, efforts to revive this isolate were unsuccessful. Moreover, we have not been able to find additional cultures identified as M. eutypoides in other culture collections.
The results of this study strongly support the probability that the M. eutypoides-like isolates should be identified as M. eutypoides. The morphological characters fit with the description of this species, the isolates were obtained from cucurbit roots showing symptoms of Monosporascus root rot and vine decline, and each isolate was pathogenic to at least one of three cucurbit species tested. In Fig. 3 . Unrooted phylogenetic trees from independent analyses of the A, internal transcribed spacer (ITS) region (536 bp), B, β-tubulin (β-tub) (652 bp), and C, elongation factor 1-α (EF-1α) (610 bp) sequences of Monosporascus cannonballus, M. eutypoides, and M. ibericus isolates, inferred by using the Maximum Likelihood method based on Kimura-2 parameter model (11) . Numbers in branches indicate the percent occurrence of the clade in 1,000 bootstrapped datasets. Analyses of ITS and β-tub sequences involved 32 nucleotide sequences, while EF-1α analysis was done with 31 sequences. Phylogenetic analyses were conducted in MEGA5 (28) .
addition, for the first time, based on multiple gene analyses, this study demonstrates that M. cannonballus and M. eutypoides are distinct species. Thus, the isolate MT47, obtained from watermelon roots in Tunisia, is designated as the epitype of the species M. eutypoides. This isolate has been deposited at the CBS culture collection (CBS 132472).
Once M. eutypoides is confirmed as a distinct species associated with Monosporascus root rot and vine decline of cucurbits, further research is needed to determine the geographic distribution and host range of the species, and to improve identification methods. Both species coexist in Tunisian soils (3, 15) and perhaps also in other cucurbit growing countries. Thus, if the morphological features of M. cannonballus and M. eutypoides overlap, particularly for ascospore size, the extraction of ascospores from soil and quantification using a sucrose centrifugation technique (27) are not adequate to determine the presence of the two species in soil. Development of molecular techniques such as real time PCR methods (20) for early and accurate detection and quantification is, therefore, important.
